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(71) We, Vogelbusch Gesellschaft 
m.b.H. of Mautner Markhof-Gasse 40, 
Vienna II, Austria, an Austrian Company, 
do hereby declare the invention, for which 
5 we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be. particularly described in and 
by the following statement : — 

10 This invention relates to a method of 
producing fermented beverages or concen- 
trates which may be reconstituted by dilu- 
tion to form such beverages, in particular 
beers. 

15 Various fermenting or brewing pro- 
cesses are known for producing alcohol- 
and carbon dioxide-containing beverages 
which are fermented to varying extents. If 
as basic raw materials there are used grain 

20 such as barley or barley malt, or other 
starch- or sugar-containing materials such 
as hops or hop derivatives and water treated 
to a varying extent, for example brewing 
water, then the alcohol -containing and car- 

25 bon dioxide-containing fermented beverages 
obtained by yeast fermentation are gener- 
ally known as beers. 

The resultant alcohol content of the 
beverage depends according to BALLINGS 

30 attenuation low both on the concentration 
of the original worts and on the degree of 
fermentation. This applies, though in a 
different manner, not only to bottom fer- 
menting lager beers, but also to top fer- 

35 men ting beers. With an original wort con- 
tent of approximately 12° Plato a degree of 
fermentation of 

approximately 80% corresponds to an 
alcohol content of approximately 4%, 
40 approximately 60% corresponds to an 
alcohol content of approximately 3%, 
approximately 40% corresponds to an 
alcohol content of approximately 2%, 
approximately 20% corresponds to an 
45 alcohol content of approximately 1%. 
{Price 33p] 



The exact ratios also depend on the ratio 
of fermentable to non-fermentable extract 
ingredients, that is of sugar to non-sugar, 
and on the manner of yeast propagation. In 
this specification the term "sugar" is to be 50 
understood to mean all fermentable carbo- 
hydrates, calculated as disaccharide. i.e. the 
amount of fermentable carbohydrates is 
calculated as if the entire carbon in the 
carbohydrates were in the form of disac- 55 
charides. Usually during beer production 
substantially anaerobic alcoholic fermenta- 
tion takes place. From 100 kg of sugar, 
approximately 58-61 W (1W = 1 litre of 
ethyl alcohol calculated at 100%) of alcohol 60 
and 5-8 kg of dry yeast substance and 
corresponding quantities of carbon dioxide 
are formed. 

Hitherto the production of low-alcohol 
beers has been possible only by a corre- 65 
sponding reduction in the degree of fermen- 
tation, that is by interruption of the fer- 
mentation process. However, all known 
methods of producing low alcoholic or so- 
called non-alcoholic beers have so far 70 
proved unsatisfactory. The main reason 
for this is that low fermented beers ob- 
tained by premature interruption of fer- 
mentation do not come up to consumers' 
expectations either as regard taste or as 75 
regards the other usual properties of the 
beverage, in particular because of the de- 
velopment of an aroma inappropriate to 
the beverage. 

Methods have also been proposed in 80 
which the alcohol is separated from nor- 
mally fermented beers by physical treat- 
ment, such as by distillation. It is also 
known to produce beer concentrates from 
normally fermented beers by physical 85 
methods, for example evaporation or freez- 
ing. These methods also have the dis- 
advantage that they can only be carried 
out in several working steps and are there- 
fore complicated and expensive. 90 
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The present invention relates to a method 
of producing low-alcohol or non-alcohol 
fermented beverages and concentrates there- 
of having an acceptable flavour. 
5 The invention provides a method of pro- 
ducing fermented beverages, or concen- 
trates which may be reconstituted by dilu- 
tion to form fermented beverages, by fer- 
mentation of worts prepared at least par- 

10 daily from grain or malt mashes, compris- 
ing carrying out the fermentation under 
aerobic conditions in the presence of a con- 
tinuous supply of oxygen or a free oxygen- 
containing gas into the whole wort to pro- 

15 vide from 0.5 to 5.0 kg oxygen per kg of 
fermentable carbohydrates present in the 
wort, whereby substantially all fermentable 
carbohydrates are assimilated by yeast and 
no or only a little alcohol is formed, separ- 

20 ating the yeast off after fermentation, and 
subjecting the fermented liquid to at least 
one of the steps of sedimentation, centri- 
fugation, filtration, cold-hopping, adding 
alcohol, providing a head, carbonation and 

25 dilution. 

By "providing a head" is meant the addi- 
tion of new or green beer or wort found in 
the complete fermentation foDowed by fur- 
ther fermentation of the entire liquid. 

30 Whether a concentrate or a beverage is 
produced by the method according to the 
invention mainly depends on the concen- 
tration of the worts added to the fermenta- 
tion, as well as any subsequent diluting 

35 process. If for example a wort with a con- 
centration of 40° Plato is used, then the 
fermented product is a concentrate which 
has to be diluted before being used as a 
beverage. 

40 Thus by suitably conducting the fermen- 
tation, yeast yields of 50-60 kg or more 
of dry yeast substance per 100 kg sugar 
may be obtained as a by-product, practi- 
cally no alcohol being formed. Although, 

45 according to the invention from 0.5 to 5 
kg oxygen per kg of sugar to be fermented 
is introduced into the fermenting worts, the 
exact quantity introduced will depend on 
the effectiveness of the gas-supplying 

50 apparatus available. 

It is known in yeast production tech- 
nology that good yeast yields are attain- 
able if a mash is strongly aerated in the 
course of fermentation, again no alcohol 

55 being formed. However, it was ; by no 
means to be expected that by such a 
method, beverages such as beer coulci be 
produced particularly as the slops obtained, 
during the usual aerobic yeast production, 

60 for example from molasses, can hardly be 
considered to have an economical applica- 
tion. 

Advantageously worts are used in which 
the weight ratio of fermentable to non- 
65 fermentable extract ingredients, that is to 



say the ratio of sugar to non-sugar, is 
approximately from 1:0.1 to 1:10, prefer- 
ably from 1 : 0.3 to 1 : 3. In known brewing 
methods the composition of the sugar- 
containing worts obtained may be varied 70 
within wide limits and can accordingly be 
adjusted to fall within the ratios given 
above. 

Some important variable parameters in 
brewing are the water quality, the type of 75 
malt and raw product, that is unmalted 
barley, rice, maize, starch, and sugar, and 
the ratio of the malt and raw products to 
one another, the concentration of the malt 
and raw products in the mash, the decom- go 
position temperatures and the times at 
which the temperatures are maintained, 
and the addition of decomposition enzymes 
not originating from malt Continuous 
brewing processes are also already known. 85 
Hence it is possible to vary within wide 
limits not only the ratio of fermentable to 
non-fermentable extract ingredients, that is 
of sugar to non-sugar in the worts, but also 
the degree of decomposition of the nitrogen 90 
compounds, the so-called albumen solu- 
tion. By "extract" is meant that part of 
the wort which is obtained on determining 
a 0 Plato, and is composed essentially of 
fermentable and non-fermentable carbo- 95 
hydrates and some protein. 

Wort concentrations of up to approxi- 
mately 40° Plato can be obtained directly 
in the brewery. Concentrated worts of up 
to approximately 72° Plato can, however, |qq 
also be produced, for example by an eva- 
poration process. For a good yield the 
quantity of sugar subjected to yeast fer- 
mentation must be brought into conformity 
with the supply of other nutrients necessary H)5 
for yeast fermentation, particularly nitrogen 
and phosphorus, which must be present in 
an assimilable form. To this end, worts 
having an assimilable nitrogen content of 
0.025-0.05 kg and an assimilable P 2 O s con- j jq 
tent of 0.01-0.02 kg per kg of sugar to be 
fermented may be used. If necessary these 
nutrients can be introduced into the sub- 
strate by the addition of compounds, such 
as products of albumen hydrolysis, 115 
ammonia, and phosphoric acid or its salts, 
urea, trace elements, propagation substances 
and the like. Such additives are unobjec- 
tionable if pure materials are used and are 
largely assimilated. In many cases, how- 120 
ever, it is preferable that all required 
nutrients are present in the starting 
material. 

If a certain content of for example 
alcohol or other metabolism products of 125 
anaerobic fermentation is required in the 
fermented substrate, or if for example 
residues of dissolved oxygen are to be re- 
moved from the substrate, then the aerobic 
yeast fermentation may be followed by 130 



3 



1 384 309 



3 



anaerobic fermentation. When carrying out 
this latter step the same microorganisms 
and temperature and pH conditions can be 
applied as during the yeast fermentation; 
5 however, it is also possible to use other 
methods, for example to carry out a fer- 
mentation process of the type usually car- 
ried out in a brewery after the yeast fer- 
mentation step, after first separating the 
10 microorganisms and adding further unfer- 
mented worts and new pitching yeast. The 
step of supplying new pitching yeast may 
also include anaerobic fermentation phases. 
It is thus possible to adapt the process 

115 according to the invention to given condi- 
tions and regulate the required end product 
to a very high degree. The yeast fermenta- 
tion is usually carried out in conventional 
yeast production fermenters. Since the 

20 addition of foam-suppressing agents is 
generally undesirable the foam formed dur- 
ing fermentation can be destroyed 
mechanically. 

In order to develop a good flavour, the 

25 temperature during the aerobic fermenta- 
tion may be maintained at from 5 to 35 °C, 
more particularly from 10 to 20°C, prefer- 
ably at approximately 12°C The pH 
value of the worts may be maintained dux- 

30 ing the aerobic fermentation at from 4.0 to 
6.0, preferably from 4.3 to 4.4. 

Advantageously, the yeast introduced 
may be of a species of the genus 
" Saccharomyces." 

35 After fermentation the yeast is separated, 
the yeast obtained as by-product being suit- 
able for use as a nutrient, feed or baker's 
yeast for the production of yeast deriva- 
tives, thus making the method according 

40 to the invention particularly economical. 
Both hopped and unhopped worts can 
be used for fermentation, the latter being 
preferred in view of the further processing 
of the yeast. When using unhopped worts 

45 the fermented wort can be cold-hopped. 
To obtain low-alcoholic or non-alcoholic 
beverage the conditions during fermentation 
must be so selected that the oxygen supply 
is appropriate for the particular quantity of 

50 sugar to be -fermented, so that no noticeable 
alcohol formation takes place. Therefore 
the aerobic fermentation is carried out as 
as feed process, the feed of the nutrient 
solution and /or air being regulated in a 

55 known manner in accordance with the 
alcohol content of the worts being fer- 
mented or that of the exhaust air. A feed 
process is one in which during fermenta- 
tion a non-fermenting wort is to fed to 

60 the wort in fermentation. 

It is possible to carry out the fermenta- 
tion both in batches and continuously. For 
a batch process a nutrient solution having 
a concentration of up to approximately 72° 

65 Plato may be used; for a continuous pro- 



cess a concentration of up to approximately 
40° Plato may be used. For a batch pro- 
cess a certain quantity of water or even of 
low-grade worts, for example sparging 
water, may be supplied in the fermenter to- 70 
gether with the pitching yeast and any addi- 
tional nutrients, whereupon, whilst aerating 
and circulating the contents of the fer- 
menter, concentrated worts of up to 72° 
Plato together with further additional nut- 75 
rients if required, may be fed in proportion 
as they are consumed by the yeast, until 
the desired concentration is reached. In 
the case of continuous yeast fermentation 
the process can again be begun with an 80 
initial supply of low concentration, but then 
continued without any notable further dilu- 
tion by feeding concentrated worts of up 
to approximately 40° Plato, while con- 
tinuously supplying additional nutrients if 83 
necessary. In order to accelerate the fer- 
mentation process the operation may be 
carried out with recycling of yeast. As 
soon as a steady state is reached the fer- 
mented substrate which is continuously 9© 
drawn off has the desired concentration. In 
conventional alcoholic wort fermentation 
for making beer or fermented beverages, a 
wort of relatively low grade (usually 12° 
Plato) is introduced as substrate. A sub- 93 
stantial increase in the concentration is not 
possible even by the continuous feed 
method, particularly since beer yeast stops 
fermenting on reaching an alcohol content 
of approximately from 5.5 to 6.0% by 100 
weight. In the method according to the 
invention end concentrations are obtain- 
able in the fermented substrate correspond- 
ing to an initial concentration (original wort 
content) of approximately 40° Plato. This 10S 
unexpectedly good result is apparently due 
to removal of the inhibiting action of the 
alcohol. 

The yeast is usually separated from the 
fermented substrate in a known manner, HQ 
for example by sedimentation, centrifuging 
or filtering. After removal of the yeast the 
fermented worts can then be subjected to 
further treatment, in particular it may be 
carbonated, given a head, or have alcohol 113 
added. The fermented worts may also be 
diluted before filling to the desired extract 
content. They may, however, also be used 
as a starting material for a further con- 
centration process which may then be car- 120 
ried out very economically because less 
water has to be lost than is the case when 
using for example conventional beer as a 
starting material. 

The method of producing fermented 125 
beverages according to the invention has 
the following particular advantages: 

1. Normal as well as low-alcoholic beers, 
in particular alcohol-free fermented bever- 
ages may be produced with final fermenta- 130 
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tion, or, if desired, any intermediate degree 
of fermentation. The beverages produced 
have an optimum flavour and colloidal 
stability, and exhibit a very close approxi- 
5 mation to the character of normally fer- 
mented beers. 

2. Beer or fermented beverage concen- 
trates may be produced in one operation 
during the actual fermentation up to an 

10 original wort content of approximately 40° 
Plato and over by introducing correspond- 
ingly concentrated worts. Thus the method 
is particularly economic even when com- 
pared to the production of normal beers. 

15 3. Large quantities of yeast as a by- 
product are obtained, which can be used 
in various ways, for example as nutrient 
or feed yeast, baker's yeast, or yeast for 
obtaining derivatives, and which is free of 

20 bitter substances when unhopped worts are 
used. The beverage can be subsequently 
bittered according to requirements, for ex- 
ample by means of pre-isomerized hop ex- 
tracts. The invention will be further de- 

25 scribed with reference to the following 
examples; 
Example 1 

1500 ml brewing water and pitching 
yeast corresponding to 15.4 g dry yeast sub- 

30 stances were placed in a 5-litre small fer- 
menter, which was provided with a 
mechanical foam-destroying device. The 
speed of the rotary aerator was set at 2000 
i . p.m. and the supply of air at 0.1 Nm 3 /n. 

35 1 litre malt wort of 32.2° Plato and hav- 
ing a ratio of sugar to non-sugar of 1 :0.92 
together with 500 ml of a solution of 11 ml 
ammonia water and 4.7 g diammonium 
phosphate were fed uniformly into the fer- 

40 menter over a period of 8 hours, the ratio 
of oxygen to sugar in the wort being 1.33 
kg oxygen per kg of sugar. The fermenta- 
tion temperature was maintained at 28 to 
30°C and the pH at between 4.0 and 5.0 

45 by regulation with lN-NaOH and 1N- 
HgSOi. Aeration was then continued for 
a further half an hour. After termination 
of the fermentation process and separation 
of the yeast in a laboratory centrifuge, a 

50 fermented wort having 7.0% effective ex- 
tract and 0.66 vol. — % alcohol was ob- 
tained. After addition of hop extract, filtra- 
tion, and carbonation, a low-alcohol 
fermented beverage similar to beer was ob- 

55 tained ready for drinking. The quantity 
of yeast obtained corresponded to 73.0 g dry 
yeast substance. 
Example 2 

1450 mis brewing water and pitching 

60 yeast corresponding to 40 g dry yeast sub- 
stance were placed in the same small 
fermenter as in Example 1, and the aerator 
speed set at 1500 r.p.m. and the quantity 
of the air supply at 0.055 Nm 3 /h. A part 

65 of the stream of the exhaust air was passed 



over a device for continuously determining 
the alcohol content. 1550 ml of a wort 
of 61° Plato and having a sugar to non- 
sugar ratio of 1 : 2.95 was continuously fed 
in into the fermenter, the wort containing 70 
7.5 g assimilable nitrogen and 3.2 g 
assimilable P 2 O s per litre, and the ratio 
of oxygen to sugar in the wort being 2.2 
kg oxygen per kg of sugar. The feed was 
regulated so that the alcohol content of the 75 
mash throughout the fermentation was 
approximately 0.2 vol. — %. The fermen- 
tation temperature was maintained at 
12-15°C and the pH at 4.0 to 5.0. The 
feed was supplied for 40 hours. The aera- 80 
tion was then continued for a further 1 
hour, the alcohol content of the mash drop- 
ping to 0.03 vol.— %. The yeast was then 
again centrifuged. The resulting fermented 
wort was practically free of sugar and had 85 
a content of 27.0% by weight effective ex- 
tract and 0.03 vol. % alcohol. After 
bittering with hop extract, a beer concen- 
trate was obtained which by dilution with 
5 parts water, addition of alcohol, and car- 90 
bonation, was converted into a beverage 
similar to a*Hager. The quantity of yeast 
separated by centrifuging amounted to 
198 g dry yeast substance. 

Example 3 95 

Initially the same procedure as described 
in Example 2 was carried out. However, 
after half the quantity of wort, i.e. 775 ml, 
had been fed in and yeast-fermented in an 
alcohol-free manner after 21 hours, the 100 
speed of the aerator was reduced to 
approximately 100 r.p.m. and the air supply 
to the fermenter was stopped. The re- 
maining 775 ml wort was then added with- 
out aeration over a period of 10 hours and 105 
thus fermented with formation of alcohol. 
After a further 3 hours the fermented wort 
and the yeast were separated by centrifug- 
ing. Analysis of the wort indicated 27.5% 
by weight effective extract and 2.8 vol. 110 
— % alcohol. THis concentrate was some- 
what superior in flavour to that obtained in 
Example 2. The quantity of yeast obtained 
amounted to 126 g dry yeast substance. 

In this example the ratio of oxygen to 115 
sugar in the wort during the aerobic phase 
was 2.26 kg oxygen per kg of sugar; during 
the aerobic and anaeroBic phases the ratio 
was 1.13 kg oxygen per kg of sugar. 

WHAT WE CLAIM IS:— 120 
1. A method of producing fermented 
beverages,, or concentrates which may be 
reconstituted by dilution to form fer- 
mented beverages, by fermentation of worts 
prepared at least partially from grain 125 
or malt mashes, comprising carrying out the 
fermentation under aerobic conditions in 
the presence of a continuous supply of 
oxygen or a free oxygen-containing gas into 
the whole wort to provide from 0.5 to 5.0 130 
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kg oxygen per kg of fermentable carbo- 
hydrates present in the wort, whereby sub- 
stantially all fermentable carbohydrates are 
assimilated by yeast and no or only a little 
5 alcohol is formed, separating the yeast off 
after fermentation, and subjecting the fer- 
mented liquid to at least one of the steps 
of sedimentation, centrifugation, filtration, 
cold-hopping, adding alcohol, providing a 
10 head, carbonation and dilution. 

2. A method as claimed in Claim 1 
wherein the free oxygen-containing gas is 
air. 

3. A method as claimed in Claim 1 or 
15 2 wherein the weight ratio of fermentable 

to non-fermentable extract ingredients in 
the worts is from 1:0.1 to 1 : 10. 

4. A method as claimed in Claim 3 
wherein the said ratio of fermentable to 

20 non-fermentable exaract ingredients is from 
1:0.3 to 1:3. 

5. A method as claimed in any of Claims 
. 1 to 4 wherein the worts have an assimil- 
able nitrogen content of from 0.025 to 0.05 

25 kg and an assimilable P 2 O s content of from 
0.01 to 0.02 kg per kg of fermentable 
carbohydrates. 

6. A method as claimed in any of 
Claims 1 to 5 comprising mechanically de- 

30 stroying the foam formed during fermen- 
tation. 

7. A method as claimed in any of Claims 
1 to 6 comprising maintaining the tempera- 
ture during the aerobic fermentation at 

35 from 5 to 35°C. 

8. A method as claimed in Claim 7 
comprising maintaining the said tempera- 
ture at from 10 to 20 °C. 

9. A method as claimed in Claim 8 com- 
40 prising maintaining the said temperature at 

12°C. 



10. A method as claimed in any of 
Claims 1 to 9 comprising maintaining the 
pH value of the worts during the aerobic 
fermentation at from 4.0 to 6.0. 45 

11. A method as claimed in Claim 10 
comprising maintaining the said pH value 
at from 4.3 to 4.4. 

12. A method as claimed in any of 
Claims 1 to 11 wherein the yeast intro- 50 
duced is a species of the genus " Saccharo- 
myces." 

13. A method as claimed in any of 
Claims 1 to 12 wherein the aerobic fermen- 
tation is carried out as a feed process, com- 55 
prising regulating the feed of at least one 

of the nutrient solution and air in accord- 
ance with the alcohol content of the worts 
being fermented or that of the exhaust air. 

14. A method as claimed in Claim 13 60 
comprising carrying out the fermentation 

as a batch process wherein nutrient solution 
is supplied at a concentration of up to 72° 
Plato. 

15. A method as claimed in Claim 13 65 
comprising carrying out the fermentation as 

a continuous process wherein nutrient 
solution is supplied at a concentration of 
up to 40°Plato. 

16. A method according to claim 1 of 70 
producing fermented beverages, or con- 
centrates which may be reconstituted by 
dilution to form such_ beverages, substanti- 
ally as herein described with reference to 
any of the foregoing examples. 75 

17. A fermented beverage, or concentrate 
which may be reconstituted by dilution to 
form such a 'beverage, when produced by 
the method as claimed in Claims 1 to 16. 

MARKS & CLERK, 
Agents for the Applicant. 
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